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located the cause for such indication. The sandy soil had fil- 
tered out and removed all offending organispls but the soluble 
material which accompanied them had passed on and revealed 
a threatening danger. Of course, the objection to the water 
was, not what i t  contained a t  the time of observation, but what 
i t  would be likely to  contain in the future should the protective 
barriers of nature be overworked or broken down. 

Without the chemical side of the investigation no comprehen- 
sive report could have been rendered in this case. 

And so, in short, chemistry takes its position on the prophetic 
side of water examination, and i t  is aided, not supplanted, by 
the science of the bacteriologist. 

The latter's work has to do with showing things as they now 
exist, while the chemist's field reaches back into the past and 
throws as well no uncertain light into the future. 
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When we bear in mind that the discovery of nitrocellulose 
was due to chemical research, we perceive a t  once that the de- 
velopment of industries based on this discovery must be indis- 
solubly linked with the patient work of the chemist. It need 
hardly be dwelt upon that  the hopes built on the availability of 
nitrocellulose as a successor t o  gunpowder were realized only 
forty years later. Yet the new material quickly found its place 
in the arts of peace, first as photographic and surgical collodion. 
The employment of nitrocellulose as the base or an ingredient 
of explosives, either propelling or shattering agents, is beyond the 
scope of this article and will not be discussed. However, i t  
must not be forgotten that the work done by chemists in this 
field, both for war offices and private manufacturers, was of 
great assistance to the workers in other directions and that  the 
results achieved by this second line of investigators paved the 
way for the manufacture of gelatinated explosive nitrocellulose 
compounds, the modern powders and explosives. ,411 the appli- 
cations of nitrocellulose in the arts are based on the fact that  the 
structure of its various forms may be broken down by the action 
of suitable solvents. The discoverer of nitrocellulose was al- 
ready in possession of its colloid solution. The differences 
between soluble and insoluble varieties (in certain solvents) 
were quickly recognized, and representatives of four great 
groups of solvents were known a t  the very dawn of the nitro- 
cellulose industries, viz. : 

I-Alcohols : Methyl and ethyl alcohols. 
a-Esters : Methyl and ethyl acetates. 
3-Ketones : -4cetone. 
4-Mixed solvents : Ethyl alcohol and ethyl ether. 
With these fundamental facts to start from there began a 

long line of chemical activity. Among the industries developed, 
the manufacture of pyroxylin plastics occupies the first place, 
and the other developments, such as the production of photo- 
graphic films, artificial leather, pyroxylin varnishes and even 
artificial silk made from collodion may be regarded as offshoots 
from this branch. The activity of the chemist in this industry 
is twofold, covering research and control of operations. It was 
necessary to investigate and select the best raw materials, de- 
vise methods for their purification and to solve the problem of 
the production of a nitrocellulose of even composition on a large 
scale. The various industries require pyroxylin of different 
characteristics, such as nitrogen content, solubility in specified 
solvents and viscosity of such solutions. These conditions were 
worked out in the factories, and the x-ork done in their labora- 
tories would fill volumes. reedless t o  say that the influence of 
proportion of acid to  cellulose, the composition of the acid bath, 
temperature and time factors were known to the chemists in 
these industries long before the laboratories of scientific insti- 

tutions took these matters up. Important discoveries con- 
cerning the connection between solubility, viscosity and mode of 
production were made and put to practical use. The methods 
of analysis of the acids and their mixtures as well as of the nitro- 
cellulose and its finished compounds were brought to the greatest 
refinement and developed to a state which permitted the quick 
attainment of results that  technical operations call for. 'The 
determination of oxalic acid in the nitrating bath, For instance, 
which the latest literature lays much stress on, has been a 
routine operation for a long period in well-conducted factories. 
Other problems sprang from the demand for perfectly trans- 
parent materials, requiring special methods of mashing and 
stabilizing the nitrated cellulose. In the designing of the most 
efficient apparatus for the manufacture of the ever- growing 
quantities of nitrocellulose the chemist took a promincnt part. 
The urgent call for an economical method of regenerating the 
weakened acid bath was met by the simple and elegant process 
of adding fuming sulfuric acid to the fortifying mixture Tvhich 
enables a skilled operator to avoid any accumrilation of spent 
acids with all its drawbacks. The best way of removing the 
larger part of water from the washed nitrocellulose consists in 
displacing the water by alcohol. While the problems prcseiitcd 
appear a t  first glance purely physical, yet their solution re- 
quired the alert cooperation of the chemist. So much for the 
basic material. 

I n  the industry of pyroxylin plastics the original Spill solvent 
of 1869, commercial grain alcohol and camphor, still reigns 
supreme. I n  the intervening years many expedients have 
been tried, owing to the fiscal policies of various countries in 
regard to alcohol, and wood alcohol and fusel oil or its separate 
constituents have found wide application. The other groups of 
solvents were advantageously extended by the introduction of 
the esters of the alcohols of fusel oil and of polyatomic alcohols, 
of ethers of higher alcohols and phenols, of aromatic nitrode- 
rivatives and other compounds. These solvents are, however, 
of more importance in the allied industries. With the rising 
price of camphor, which is nearly treble of what i t  was thirty 
years ago, the old attempts to produce the material From cheaper 
products were stimulated, and today large factories exist for its 
manufacture, thus putting a check on unreasonable advances. 
The same cause led to  the elaboration of methods of recovering 
camphor from scrap materials that  cannot be utilized in other 
ways. The feverish searching for a camphor substitute has been 
less successful though large classes of solid solvents of pyroxylin 
were discovered. X few of them, belonging to  the group of acid 
derivatives of aromatic amins, find a limited application for 
special purposes. Chemical investigation has led to a revision 
of the old mixing formulas for the manufacture of pyroxylin 
plastics, and the old empirical standards have been abandoned. 
The chemist is continually called upon for advice regxding the 
application of coloring matters and other materials €or ob tain- 
ing special effects. 

In 
the nianulacture of photographic films, varnishes and artificial 
silk from pyroxylin flowing solutions are prepared. Artificial 
silk niade from dissolved nitrocellulose and subsequently (pref- 
erably) denitrated is being superseded by threads made from cellu- 
lose brought into solution by other means. 

There is not a factory of pyroxylin compounds of any impor- 
tance in existence today that has not its busy stafl of analytical, 
managing and research chemists. 

The allied industries are based on the same principles. 
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The first experiments dealing with the chemical composition 
of glass of which we have record were directed toward producing 


